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CONSISTING OF MIXTURE OF TRANSLUCENT OBJECTS AND OPAQUE OBJECTS 

(57) Abstract : 

PROBLEM TO BE SOLVED: To provide a method for displaying a 
translucent object where the need for sorting by the multi-path 
a blend is eliminated. 

SOLUTION: This image plotting method takes particular notice of 
conditions considered important for the display of translucent 
objects m a way closer to an actual positional relation 
independently of image plotting orders. First, in a path 1, only 
opaque objects are plotted while conducting hidden-surface 
removal by using a Z buffer. Then the Z buffer is updated. Next 
in a path 2, only translucent objects are blended while 
conducting hidden-surface removal by using the Z buffer In this 
case, the Z buffer is not updated. Finally, in a path 3, only 
the translucent objects are blended while conducting hidden- 
surface removal by using the Z buffer. In this case, the Z 
buffer is updated. 
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[0 0 0 1 ] 

^t 0 ^ — ^ • y^v^^y^^ (CG:Computer Graphic 

fc co rawi^cox^gg tcoTfe^o 

[0 0 0 2] 

[£§3feCQ&^] CAD (Computer Aided Design) (Dftm 
3^5c^(object)X^3 0:7C^^^^x U 
£ flX V > 5 (Bife (image) 7*— ^ £ , ®® (screen) ±{C^ 
y ^y*tmW£tlX\,^Z> 0 CGi:J:$ 3»C7C^ft, 

[0003] rcou^^y v^a»;:*s^-cHu fete 

^TffS S** tf>, ttt&tttt (shade) ^feco^ 

S4t, JB#K ftiH £ -5* (shadow) . 
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[0004] i^y^y >^^aa*c*5i^-cn, # 

«b 2 2fc7C^>Hl«SBB<oaigffi-e*)Sliffi (screen) — »J» 

ttS) OfflP« ( r^frtt&^J ) \cm^X. «*(vie 
w point) X«a*f^6<oa«19:» (f'^Sie) (cj: 
oT/m ^Ka^(infinite)3a^(DWT*«j»tCj: 

[0 0 0 5] &Q&teZ£ilc®g££tixm7jk£tiZZ 
^flcWSc*(cfi % (l) $^y77^LtfflI 

* ^fcia«««^«^ $ n s mftnm&r- y-zwz& 

t^(W : Write) r<b60^-lCj:oT, (2) 

yyrizizh L-xmnztitzftfemmzmfeztix^^ 

I«f-^^BL(R : Read), -fc<Dtt*tiJ$;h,fci® 
Sf-^«DIL(M : Modify), ^CO^JDX^ ixfcifflttT 5 
-^^^^^^(W : Write), £ iSSn* i 4 

[0 0 0 6] r<Oi5*a*Sr-r-5Jcfcfco-C, &t># 
i^tC^il (hidden line) (removal) -^©S (hidden su 
rface)ffi« (iUT, *■&"*-) WC^i^ 
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LT, Z'< y 7 r (Z-buffer) • T t\sdt \) XA {Z'<y7 
7 ft) iri^Hffi^r/u^y XAdSH*p-e*>-5. flVJ 

[0 0 0 7] Z^^7Tft<rAV^ft#e>^FSntt(opaqu 

^fci6l;f^P)ix5tOiT»$^t^5, — C 
ADOftitll (semi transparent) 

[0 0 0 8] ^S^-O^-r^^feOOirotc, yuy 
color— a X s 

+ (1 - a) X d e 
[0 0 11] ff-Jta; (1) *«fcoT«fcfcfe«rIfJIUii 

<0 ti^e>iV>t^*^^IC < t 9 i£< jt,X.3 £ v^ 

[0 0 12] ^oTr<0^fe"0iE«l^^a^^€:tT*3 
Ob-t&b, (method in list priority) £r#j;E 

■4-3^BJciae>tt3 0 ifo«L&a> 

x) y- h(sort)Sr-T3r iiiio-caflt^t^ 

SSfcJlUfc (priority) £r&£)T, -t<D«$teJ«ffi y * h (lis 
t priority) Srfft* Lfc±"0„ ^V^^IW-ttiirf 3 

[0 0 13] fciy- h(cj:or«jfe|«ttSrgti?)^^-o 

-r\ «^e>»^^«*3d5ia<*cax.3i:i^5a*-oa> 

W^^^uyKSnsS^icjgtSKM-C*^ fit 
oty-h$llTV^^±, 3A/O^3ii9tf>«ff-0 

^as«!££ftfcv^-0*>3 o 
[0 0 14] Z(D£o[C s 3.-1f^«**aafiiSS:»IE 

u y-hi-^SM-ftfcafcstttfoft^^^ntf** 



12, ffiiiji--<t^fr(0^ (src_color)£,^ 
K:J&iIj£HTV^3^#Wfe (d e s t_c o I o r) t 
IC»L-C«»A, B«r«V\ jRfcfcfe (color) 

£\ c o 1 o r = AXsrc color + Bx 

d e s t_c o 1 o r l:J:oTW6o £ 9 ftfrftiC 
tt. BE^JSHStfCl^-Sftft^fi, (d e s t__c o 1 p 
r) SrB^BlL (R) % &3«£<Dfi (s r c_c o 1 

0 r) laottol (M) , *ffc*fe (color) 

£^£&ti> (w) rtKioTSissfta. o£9. r 

^WSiXfcftflWfe (dest_color)tf* Srfc 
(color) lCB#«lt>or^$tu3r ilift 
3 0 rr-060«ffc*6 (color) ^£>iPXti\ fllft 
A, B^lliaotlff$^o 
[0 0 0 9] ttlC^SHffift (/l/>7^^- U-h 

<t LTJL^TOfrjl*: (1) #— »«C«fc<{6ffl$ttT^ 

3o 

[0 0 10] 

r c color 

s t co 1 or ( 1 ) 

mc^z&mmmtmL<i&TLxi,i£\,\ ***ra 

H£fc5 0 «ll£LT^3<t#a>3tf>-0fc3;^ n P n (n 
ty- M-3fctf>fc:tt:, — jRlc, nxiog (n) 
[0 0 15] CAD*^(*><fc3lc*tBttfc: (-Y 7^ 

o# 1 e^-fer/u-o^$tir^-5S^ic*5v>rji, ^i® 
SSIcy-h^Si^ottt, -«W4i 2 8 0 x 

1 0 2 4 tr^-feyuoiifBH«:3B*Lfcii*Jc:tt, 

[0016] 

i/«ia#-0#3^-0*>ntf, -ttl"0+»-0*>S o -77 

Sr^ST^y tr — is* zsicteb^x tttemmK&iai t to 

%*>£>X&* LV\ 
[0017] 
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Z^y^rJciSBffiiBASrfTV^ft^fe, @J«^-^^> 
[0 0 18] £Ac, *«^<o^/u^N-^*fe4rHm-e# 

**8SrlE«'t"S3E*f^riBftZ/<y7rt. 

-^co*tT#«#«kR^z^y7T^E«Snrv^* 
^-^(?5*tT#*a^BEJcz^5/^r^lBtSSixrvN5 

ittiXDr — f *ffl;*rr 5 ^ r £ * pftBT? 

[0 0 19] 

Ttt, ^Stt&LTl^t^iLt, (C 
RT : Cathode-Ray Tube) ^COH ^Uyv'a.^fi 1 

^n^^^^^^-^VCRTCrastermonitor CRT) 1 0 

(LCD : Liquid Crystal Display) 3£tf>f4,<£>^j^5t 

[0020] II U^-y) i 2K^-r-^[£]^ 



Ett*-£-C*5<. 7l/-^y77rtTOKyh*ffi<0 
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1 4 tttl*flO»«?BI«iCLr*3<fc«), 1 
■fe/Mil K7 hCWClTV^o 
[0 0 2 1 ] 7 I/- A/< y 7 7 ^ ^ 9 f^COr ^ /Uft 
£tt7tT"— C RT^> h d — ^ 1 6 

««-^lc3E»*4x, crt i 8lc*3v>r@^-tr-^^S 
5)iit3lffll±«r»ttSnt, iU® (^^y-v) l 2 

[0 0 2 2] [£]2te v 7 u™ i^s^rlCj^bixS^ 

ft*: W£xrm*4fe<o»ffi7*-* 2 oa*#y =f> 
? y y tr^^MtsL »#eo*rirw«*if^e>]S*(ver 

tex)<D»S$rff^i-^ 0 l/y^yy^xy>?y2 4T 

SrSBflKJ: flffl-JfU Z^3/7r2 6l:J;9l8IfelL 
T 7 u-a^ ^77 i:f^ii^li5o 
[0 0 2 3] Z/^777, BSffi&S, 

77>f T^-fey ^(accelerator) (C<t ot 

[0 0 2 4] ^311 ^7^y^^MSrHSn3 

-f^Att, t^t^teltWS P U-efel LtS/T 
ffi(D7U-A/<y77 1 4 W^OtOTfcS. 
:/Bte, i?3r* h !ixy^y2 2 t i/y^y *s 
^24 V*^Tfc\*X'<4 794zsmmz Lit 

h<vxfr>% 0 ^-r^cfi, ^yyyy^xy^y2 4co 

^■S:^— Kfr^TflsLT, h y xy^^2 2 T'ff 

[0 0 2 5] ^*f*5*«*fflfSiCl«^'f 

m-5Z/^7r (V7h!)x7tW-C^^MW 
77 7«:«it^iXfl ^Z/A, ^-f^B, ^-<^c 

nn-tzztfc-zimx&Zo /^K^xrias 
7 > c(^Ltfl-$-efc-5 0 

[0 0 2 6] Z^y77Sttijt6W-trS)*)4^ 



[0 0 2 7] i>ith. Z/^y7 7ftlCH V>ofcA,ffi 
^ T U * o fe*fl:tttH*i- £ 4 1> ^ 5 it® 

tfo^o w^»i, zy<y yrmvn^r i r^mw\zm<Dm 

[0 0 2 8] z^y7rffio«aic^^-ctt, WS^cM^f 

Sriha&Tisrt-tf) *<o**ottSrj»»LT3pJffl-r*wt 
[0029] *»w-ett, z/<77r»^ 

«T. Z^y77WllfW^>r^miOOa7'U'V 

[0030] i-jfefofc, Btlcisy— K4rtToT^^ 

Kfc fettle J; 5t-BKS*T/fcftfl=-e*)S. 
[0 0 3 1 ] *#1 : #ifi< ^*>S«»: 

I*, ^S9K ^FaWdiA^tofe^ -tMlc^uyK 

[0 0 3 2] -£{4= 2 : ^SnttttJ: 9 iS< 

[0 0 3 3] ft#3 : *aW«#J: 9 

^aWlc^^b-ro^u^KSttTfc^SiL-B. 
[0 0 3 4] rttf>co*#l75S3$rf«3t-t-r itt, & 

[0 0 3 5] s<X 1 : ^F8B4***:tttZ/<y77 



[0 0 3 6] ^*2 : #aWft*#fc'lt^Z/<y7 7 

tt^±aBffi«*«:fTv^ft»binia (i) iaoty 

[0 0 3 7] *<X3 : *8«4»#KltftZ/^y77 

ttlci*BBffll*«:1Tv^**SfelHlca (l) lz£^x7 
[0 0 3 8] ffi*fi*^*5its r^-y^j -m, z/< 
y-h*rtTt>ftv^ 7-^4x.^fdfi«or 

JiiIiLT^fcOT?S>9 , -^A^^-m, Lt 
tt 3^ 

[0 0 3 9] ret?, l75S3cO*^*cof£/BSr£ 
6>^»j»«c:K?BL-cv^< 0 

[0 0 4 0] ^lfc*5t^T«t, *aW*4fefW£tt*r* 

m-tz* ^oj:*a*^an4tt^tta^ni:< z 

So (l) i:i5o^i/yKttfffc>4t\ 

Ltftft^e>-#jfiv>^a«ft»Ws**Sli5; tic 
49, Z/^^^r^ffi^^ttlc^LAcffit^^o 
2^* 3 lcj3t^r^aW4*i*tt»iii*ix4i/^'C, 
5FaW4**WcBB LTf**f* 2 *r*fc-t- r k fc*« 0 

[0 0 4 1] ^*2(c*5^TfS, ¥a«ft«#«it«r» 
It^o Z^y7r^*6BBfflll**m^**sfe«-»* 

(1) *c±4o^uvK*rfTV\ Z'<y7T<D^m&ft 
t>ft\t\ Sot, Z'<y:7rK:J;«B»il(*fcJ:9, 
* l -C»liiSn*:5Faw«*J:9ifi< IcfeS^^cltic 

0^ta7'l/>'K^fT9OTfc^o Z/<y77^/^l 

ic^^r^aM4^«s:*-eHSf$HT^-5co-c, ^aw 

4«*J:9a< KUb«*a«tt»ffttimi**LSCi:tt 
*afl4»ftl^BI UT feftft 2 tiBfct C t left 

l Ic^oVnt»® Lfc^FaWttftttJ: 9 54< 

awttttffttflric^^^Ksnsrtjctto, *«=3«r 

[0 0 4 2] s<X 2 J|*TWN£<£> Z 3/ 7 7 CDfl 

'<xi#Tf*jBLkmcm*ifkittix^&. -tttto 

^<nm&XhZs<y7T&&&^}3\,^X$i&£<9- 

[0 0 4 3] ^^3«Cl*5l^Ttt, ^fi, ^aWfcflWtrt: 
It Sr«ia-r So Z^y77 lc «t SBffi^Srm ^cCdS 6 
(1) iC^Sa^U^K^mV Z/>y77^I 
ff^^T^o Sot, ^2t^3i^ll>W:Z/<y7 

T(OMSf^tT9 tt^5*-C** 0 ^^2IC*3^-CI1, Z 

'<y7T £H£r L^v^fc^lcnoco^a^^tfli^ix 

[0 0 4 4] — *"C, 3^C*^V^TI1, Z/^777^ 
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5w<ttC*o"C, ^~<nm&-Vh2k& 1 LTl^o 
[0 0 4 5] ::tttSSnfci^ii SL-&ic*fcifi^ 

[0 0 4 6] *<>jffv^«c^tt*^*fl:Hd:(^ffilSBBffi 
tt«tt, SLfctcft tiffin PFSW, ¥«W*rlBtofc^) 

[0 0 4 7] ^r-C\ RMWiNf */l't<DMm-C. iffi 
ffi-TZ (draw) J ~ t&t*<D£ o ClUfT'C^ §^(COV>T 
KWt5. 1 Jc*5*t-5*IBtt, WLtR, M^t; 

«EOl¥*fe (Rid«l®$tu-CV^5»»Ofe (d e s t_ 
color)) rh^&ii 5 tt5*a««ftO 
6 (ffilli-^ttftOTfc, (src_color))£S: 

[0 0 4 8] «t o Mzfatitifefflt it, ^F3n« 

ftA, ¥8W«W*B* fSfflftffC, £^ofc3oco» 

[0 0 4 9] ::T(j:Sa^<Srffiot, WA3&»feAiS 
B<t 9i£< lc£>5r <!:*A<B£**rrcfcfc:-rSo J£A 
T. A, BS{/C^ 3 o^W^^^Itl^ 9 ^ 

[0 0 5 0] C<B<A(Oi$ («j£d»<bC#*fcifi 
<. A0S*feitt*V£O : 1 -CttASrSiH-rSo '< 



3-et BSr^i/y KLT^bC^i/y Kti. &m<t 
[0 0 5 1 ] i5lt C<B<A^©^ («^6Cd« 

-r^Eiecoffiiij^mi o fc) ^tcta^i-^ia-c^a. 
^ ^ -e#># B ic BBfifii- a Uft (w o i> r te^x as w- ^r^i 

[0 0 5 2] IIMa bteAt BtM4$:i:i:4 
0, B«oa*jcA^***«t5^1fWSix 

CO^tdBd5a^SJ:5»-*S®$nao «®« 
«a c HAi c : il:45«»-Cfc 0 , C<n 

SabcliA, BMCO^liSS^^ A 

*i!l£tiSo -ft60 5^»Hffi«b c &JitmMU b 
c .toES'Jtt. *#Ai:IftS^ti:45*^ 5tN-J: 

[0 0 5 3 ] El6fc:te N C<B< A(DWr£~$;$fr, A, 
B, CO 3 o^ft*i:$ i:»54tofiB8jfil*^ It 
**5, C<B<AJt^^C0^(CO^T(i, E15tC 

[0 0 5 4] B<C<A<7)^ («*^6B3ftS»feifi 

<. A^*fc«v^»*) : i vnAimm-r^o ^ 

^2-CliB^y^yKLt^bC§r7 f u>'Kn o 
^tr, Bds*tifi< fcfc9-to«5^c, Arts*,*,* 

[0 0 5 5] B<A<CO^ (S^^BMfcia 
<> C^^^vn^) : lT?ttASr}S®li-5o 

^2"CfiBco^^txvK$^ cuACg^ryuy 

[0 0 5 6] C<A<BC0#^ CdS*bifi 
<> B^ftfeav^^) : ^ 1 -ef4A*«WH-a. ^° 

^ 2-cncco^^u>' K^tL, BtiA^d^nr^ u> 
m$tiX7l'> KS*tftv\ ^tdrlt, CcO^^ICA 
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[0 0 5 7] A<B<C^ (ffijSu&*e>AriSftfcjfi 

[0 0 5 8] A<C<BOS^ («jft*»e>A*5*taE 
<, B^ttSv^) : 1-CttASrlSSi-rSo 

[0 0 5 9] «±0«-ett, A£*«3lCffiiHLTV>S 

«o-c\ *»w4MM*2»b* 3#@tcffiij$n 
5 - * -e t ra c e> *i $ r £ tc * 5 . 

[0 0 6 0] *»W<z>*«fera\ ¥393*^4: lEifcictf 5 

m^tftosif^icfcs 1 

c 1 ] *aw 
[2] 

[3] y-h^fcBsra 2 

[4] y-hm^mm 2 

[5] ^/Uf/^^g^ 
[0 0 6 3] iOAfctttett, [1] <h [2] tJCjfc^ 
X\*SLVt<D& raPHI GS^fflltiILt^-5 0 
graPHIGS (graPHIGSH IBM Co 

r P . <Dxm&£Tf*<Di&<Dmt£&vz>mw) w\ 3& 

7c(3D) graph icsAPI (Application Progr 
amming Interface) "C$> 9 , I S O^i? (Standard) "Cfe 
£> P H I G S (Programmer' s Hierarchical Interactive 
Graphics System) £ I BMtt^SI^ (implement) Lfzh 

<DXhZ> 0 [2] b&ftt>te\<^m— s<x<D7is> 

§*t*v\> [3] ^^tiiv/^au-v'3yyn^7 

[4] iCO^tli [2] + [3] tigSnc«*i6 
tl^ 0 [5] l±att<OgraPHIGSSr*»W^ 

[0064] [l] £ [2] trtt*— (ISO) 
[5] 1 7bm3(D3\E}<Ds<x$:&mt ItV^ 

[0 0 6 5] H7lc*i-J:5*BB«*»6to3ft»*J:5lc. 



tiX^^Zo 
[0 0 6 1] 

*«)TJtt*0*f«i: LT^3 0 *t«SW (>f V * 9 * ^ -f 

[0 0 6 2] 
[3c l] 

0 0!94fe9i&LttiW#IH 

y^-e— ^ i ^0-^—^2 

8. 38> 6 4. 68? 

8 . 3 8> 6 3. 98? 

72. 7 6 7. 0# 

8 1; 1& 8 3 0.9$? 

1 5. 08> 12 9. 2g? 
**«<0*jSf4 % graphicsAPI (Dfrtebi*, 

"Cfc^o i-*t>%, AP I 4rjMt^77^ y t^&m 
&mffZtiZ>zb\zfj:ZibK APl^ta^^Lt 

[Ell] 3yfa-^^77>f y^^lOftISt5fc* 

o^-K^^rfflffig-cfc^, 7****--* ycRTco« 
[S2] 7u-^<^7ri-a6e>tts^<tig?g««&» 

So 

[03] ^77^^7M^t^^>^-^^ 

[El 4] ^/uf/^^i (-eA^^^aw&ys) 

[0 5] ^mWVoftA, *8M**B, *aWftf*C, 
£1^5 3 0(Dt®t-<t^<7)fii^^C < B < AO 
(fi^6C^ttfi< 1 A*S*tJ8^«*) (Dm 

A, B. COlHiTMLfc^lC^o^T. *7jMS**SS 

[06] ^mwvoiZA, *mwmftB, *aw«*c 
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